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(54) IMAGING LENS DEVICE AND DIGITAL CAMERA EQUIPPED WITH IMAGING 
LENS DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a completely new imaging lens device, 
equipped with a zoom lens system, which is small-sized and has high power and high 



picture quality. 

SOLUTION- An imaging lens system (TL) is a zoom lens. A 1st optical axis (AXl) is bent 
by 90° by a 1st reflecting member (REFl). On a 2nd optical axis (AX2) bent by the 1st 
reflecting member (REFl), a 1st moving lens group (MVLl) and an aperture stop (SP) 
are arranged. The 2nd optical axis (AX2) is bent by 90° by a 2nd reflecting member 
(REF2) in a plane perpendicular to the 1st optical axis. On a 3rd optical axis (AX3) bent 
by the 2nd reflecting member (REF2), a 2nd moving lens gruop (MVL2) is arranged. 
When the imaging lens system zooms, the positions of the 1st reflecting member (REFl), 
aperture stop (SP), and 2nd reflecting member (REF2) are fixed and while the 1st 
moving lens group moves on the 2nd optical axis, the 2nd moving lens group moves on 
the 3rd optical axis. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

The zoom lens system which performs variable power by consisting of two or 
more groups and changing group spacing, 

The image sensor which changes into an electrical signal the optical image 

formed of the zoom lens system, 

It is preparation ****** lens equipment, 

A zoom lens system is in the order from a body side. 

The 1st reflector, the 1st migration lens group, the 2nd reflector, and the 2nd 



migration lens group are included, 

An incident light shaft is bent by the 1st reflector 90 degrees of abbreviation, and 
an optical axis is further bent by the 2nd reflector, 
In zooming, 

The 1st reflector and 2nd reflector are image pick-up lens equipment which is 
location immobilization and is characterized by the 1st migration lens group and 
the 2nd migration lens group moving in an optical-axis top. 
[Claim 2] 

Said 1st migration lens group is image pick-up lens equipment according to 
claim 1 characterized by having negative optical power and said 2nd migration 
lens group having forward optical power. 
[Claim 3] 

The zoom lens system which performs variable power by consisting of two or 
more groups and changing group spacing, 

The image sensor which changes into an electrical signal the optical image 

formed of the zoom lens system, 

It is preparation ****** lens equipment, 

A zoom lens system is in the order from a body side, 



The 1st reflector, a diaphragm, and the 2nd reflector are included, 

An incident light shaft is bent by the 1st reflector 90 degrees of abbreviation, and 

an optical axis is further bent by the 2nd reflector, 

When the 1st reflector, a diaphragm, and the 2nd reflector are location 

immobilization and the focal distance of the zoom lens system in D2 and a wide 

angle edge is set to fw for the distance of a diaphragm and the 2nd reflector in 

zooming, 

0.3< D2/fw<3 

Image pick-up lens equipment characterized by being satisfied. 
[Claim 4] 

It has the 1st migration lens group which has the negative optical power 
arranged between said 1st reflector and said 2nd reflector, and the 2nd 
migration lens group which has the forward optical power arranged from said 
2nd reflector at the image side, 

Said 1st reflector is image pick-up lens equipment according to claim 3 
characterized by being contained in the group which has forward optical power. 
[Claim 5] 

It is image pick-up lens equipment according to claim 1 or 3, 



Image pick-up lens equipment characterized by satisfying the following 
conditional expression. 
2< |fa1 /fw| <8 
It corrects, 

fa1 : It is the focal distance of the group by the side of a body from the 1st 
reflector, 

fw: The focal distance of the zoom lens system in a wide angle edge, 
It comes out. 
[Claim 6] 

Image pick-up lens equipment according to claim 1 or 4 characterized by 
performing focusing by migration of said 2nd migration group. 
[Claim 7] 

The digital camera equipped with image pick-up lens equipment according to 
claim 1 to 6. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to image pick-up lens equipment equipped with the 
suitable zoom lens system for digital-input/output devices, such as a digital 
camera and a digital camcorder, which is compact and has a rate of high 
variable power in more detail about image pick-up lens equipment. Moreover, it 



is related with the digital camera equipped with such image pick-up lens 

equipment. 

[0002] 

[Description of the Prior Art] 

In recent years, a digital still camera, a digital camcorder, etc. which can 
incorporate image information to a digital instrument easily are spreading on 
individual user level with the spread of personal computers etc. (a digital camera 
is called below). It is expected that such a digital camera continues to spread 
increasingly as an input device of image information. 
[0003] 

By the way, generally the image quality of a digital camera is determined with the 
number of pixels of solid state image sensors, such as CCD (Charge Coupled 
Device). High pixel-ization exceeding 1 million pixels is made, and current and 
the digital camera for general tend to approach the film-based camera in respect 
of image quality. Since to perform variable power of an image, especially optical 
variable power with little image degradation is also desired also in these digital 
cameras for general, it is small and recent years require increasingly the zoom 
lens for digital cameras with which are satisfied of the rate of high variable power, 



and high definition. 
[0004] 

About a miniaturization, optical system is bent by inserting prism or a reflective 
mirror between lenses, and the miniaturization of the direction of an optical axis 
is promoted further. The single focal lens which bent the optical axis once is 
indicated by the patent reference 1. Moreover, the single focal lens which bent 
the optical axis twice is indicated by the patent reference 2. 
[0005] 

[Patent reference 1] JP,6-107070,A 

[Patent reference 2] The Europe patent 0906587BNo. 1 specification 
[Problem(s) to be Solved by the Invention] 

However, although the optical system indicated by the patent reference 1 and 
the patent reference 2 is attaining the miniaturization by bending an optical path, 
it is a single focal lens and is not the zoom lens which is satisfied with the rate of 
high variable power of high definition. In the zoom lens of the about 5-time rate 
of high variable power, since the movement magnitude of a movable group is 
also large, an overall length becomes large, and it is not avoided that the body of 
a camera is enlarged [ many / lens number of sheets ]. Moreover, if it is going to 



make the overall length of optical system small by force, increase of error 
sensibility will be caused and a manufacture error will influence optical-character 
ability greatly. Moreover, when the movable group in a zoom is made [ many ] 
and an optical overall length is miniaturized, a camera cone configuration will 
become complicated and the body of a camera will be enlarged, furthermore, 
high definition - high - since a scale factor strangely zoom lens is miniaturized, 
in order to bend an optical path, it is necessary to take into consideration 
arrangement and the camera cone configuration of a migration group 
[0006] 

In view of the above problem, this invention is small and aims at offering image 
pick-up lens equipment equipped with the completely new zoom lens system 
which satisfies the rate of high variable power, and high definition. Moreover, the 
digital camera equipped with such image pick-up lens equipment is offered. 
[0007] 

[Means for Solving the Problem] 

In order to attain the above-mentioned purpose, the image pick-up lens 
equipment of the 1st invention The zoom lens system which performs variable 
power by consisting of two or more groups and changing group spacing, It is 



image pick-up lens equipment equipped with the image sensor which changes 
into an electrical signal the optical image formed of the zoom lens system. A 
zoom lens system The 1st reflector, the 1st migration lens group, the 2nd 
reflector, and the 2nd migration lens group are included sequentially from a body 
side. An incident light shaft The 1st reflector bends 90 degrees of abbreviation, 
an optical axis is further bent by the 2nd reflector, in zooming, the 1st reflector 
and 2nd reflector are location immobilization, and the 1st migration lens group 
and the 2nd migration lens group move in an optical-axis top. 
[0008] 

The image pick-up lens equipment of the 2nd invention has optical power 
negative in said 1st migration group in the configuration of invention of the above 
1st, and said 2nd migration group has forward optical power. 
[0009] 

The zoom lens system which performs variable power by the image pick-up lens 
equipment of the 3rd invention consisting of two or more groups, and changing 
group spacing, It is image pick-up lens equipment equipped with the image 
sensor which changes into an electrical signal the optical image formed of the 
zoom lens system. A zoom lens system The 1st reflector, a diaphragm, and the 



2nd reflector are included sequentially from a body side. An incident light shaft 
The 1st reflector bends 90 degrees of abbreviation, an optical axis is further bent 
by the 2nd reflector, and the 1st reflector, a diaphragm, and the 2nd reflector are 
location immobilization in zooming. When setting the focal distance of the zoom 
lens system in D2 and a wide angle edge to fw for the distance of a diaphragm 
and the 2nd reflector, 
0.3< D2/fw<3 
It is satisfied. 
[0010] 

The 1st migration lens group which has the negative optical power by which the 
image pick-up lens equipment of the 4th invention has been arranged between 
said 1st reflector and said 2nd reflector in the configuration of invention of the 
above 3rd, It has the 2nd migration lens group which has the forward optical 
power arranged from said 2nd reflector at the image side, and said 1st reflector 
is included in the group which has forward optical power. 
[0011] 

The image pick-up lens equipment of the 5th invention is image pick-up lens 
equipment characterized by satisfying the following conditional expression in the 



configuration of the above 1st or the 3rd invention. 
2<|fa1 /fw|<8 
It corrects, 

fa1: It is the focal distance of the group by the side of a body from the 1st 
reflector, 

fw: The focal distance of the zoom lens system in a wide angle edge, 

It comes out. 

[0012] 

As for the image pick-up lens equipment of the 6th invention, focusing is 
performed by migration of said 2nd migration group in the configuration of the 
above 1st or the 4th invention. 
[0013] 

Moreover, the 7th invention is the digital camera equipped with the image 
pick-up lens equipment which has the above 1st thru/or the 6th one of the 
configurations of invention. 
[0014] 

[Embodiment of the Invention] 

Hereafter, the image pick-up lens equipment which carried out this invention is 



explained, referring to a drawing, the camera with which the image pick-up lens 
equipment which incorporates the image of a photographic subject optically and 
is outputted as an electric signal is used for still picture photography and 
animation photography of a photographic subject - {-- for example, it is the main 
component of built-in or camera} by which external is carried out at a digital 
camera; video camera; digital video unit, a personal computer, a mobile 
computer, a cellular phone, an information personal digital assistant (PDA), etc. 
[0015] 

Drawing 14 is the outline external view of the digital camera concerning this 
invention, drawing 14 (a) is the front view of a digital camera, and drawing 14 (b) 
is the rear view of a digital camera, a digital camera 1 -- the liquid crystal display 
monitor (LCD) 4 and the manual operation button 5 are arranged [ image pick-up 
lens equipment 6 ] for the release carbon button 3 by the tooth back in the front 
face at the top face. 
[0016] 

Drawing 1 is drawing showing the outline of the internal configuration of a digital 
camera, drawing 1 (a) corresponds to the front view of a digital camera, and 
drawing 1 (b) corresponds to the side elevation of image pick-up lens equipment. 



A photographic subject is located in space left-hand side in a space near side 
and drawing 1 (b) in drawing 1 (a). In drawing 1 , the line shown with a two-dot 
chain line expresses the case 2 of the digital camera which has image pick-up 
lens equipment 6. the image pick-up lens equipment 6 comes out sequentially 
from a body (photographic subject) side with the taking-lens system (TL) which 
forms an objective optical image, the plane-parallel plate (LPF) equivalent to an 
optical low pass filter etc., and the image sensor (SR) which changes into an 
electric signal the optical image formed of the taking-lens system (TL), and is 
constituted. 
[0017] 

Solid state image sensors which consist, for example of two or more pixels as an 
image sensor (SR), such as CCD and a CMOS (Complementary Metal Oxide 
Semiconductor) sensor, are used, and the optical image formed of the image 
pick-up lens system (TL) is changed into an electric signal. Moreover, when the 
optical image which should be formed by the image pick-up lens system (TL) 
passes the optical low pass filter (LPF) which has the predetermined cut-off 
frequency property determined with the pixel pitch of an image sensor (SR), 
spatial frequency characteristics are adjusted so that the so-called clinch noise 



generated in case it is changed into an electric signal may be minimized. 
[0018] 

Predetermined analog image processing, digital image processing, picture 
compression processing, etc. are performed, it is recorded on memory 8 
(semiconductor memory, optical disk, etc.) as a digital video signal, a cable is 
minded depending on the case, or the signal generated with the image sensor 
(SR) is changed into an infrared signal by the signal-processing section 7, and is 
transmitted to other devices. A controller 10 consists of a microcomputer and 
controls intensively the lens migration device for a photography function, an 
image reconstruction function or zooming, and focusing etc. A liquid crystal 
display monitor 4 displays as an image the picture signal changed by the image 
sensor (SR), or displays as an image the picture signal recorded on memory 8. A 
control unit 9 includes the various dials of the release carbon button 3 and 
manual operation button 5 grade, and a carbon button, and the information by 
which an actuation input is carried out is transmitted to a controller 10 by the 
user through a control unit 9. 
[0019] 

Next, an image pick-up lens system (TL) is explained using drawing 1 . An image 



pick-up lens system (TL) is a zoom lens system. The 90 degrees (AX1) of the 1st 
optical axis which is an incident light shaft are bent by the 1st reflective member 
(REF1). On the 2nd optical axis (AX2) which bent by the 1st reflective member 
(REF1), it extracts as the 1st migration lens group (MVL1), and (SP) is stationed. 
The 90 degrees (AX2) of the 2nd optical axis are bent by the 2nd reflective 
member (REF2) in the direction still more nearly perpendicular to the 1st optical 
axis. On the 3rd optical axis (AX3) which bent by the 2nd reflective member 
(REF2), the 2nd migration lens group (MVL2) is arranged. The 1st optical axis 
(AX1), 2nd optical axis (AX2), and 3rd optical axis (AX3) are mutually 
perpendicular. In zooming of an image pick-up lens system (TL), it extracts as 
the 1st reflective member (REF1), and (SP) and the 2nd reflective member 
(REF2) are location immobilization, the 1st migration lens group (MVL1) moves 
in a 2nd optical-axis top, and the 2nd migration lens group (MVL2) moves in a 
3rd optical-axis top. Migration of these migration lens groups is controlled by the 
controller 10. 
[0020] 

A digital camera 1 serves as thin shape-ization miniaturizable with the image 
pick-up lens equipment 6 of the above-mentioned explanation, -izing can be 



carried out [ thin shape ] to incident light shaft orientations by bending the 90 
degrees (AX1) of the 1st optical axis, and bending the 2nd optical axis in the 
perpendicular direction to the 1st optical axis. Moreover, by bending the 2nd 
optical axis (AX2), even if it is a high scale-factor zoom lens with a long overall 
length, it becomes miniaturizable. In addition, although I hope that the 3rd optical 
axis (AX3) in an image pick-up lens system (TL) is not perpendicular to the 2nd 
optical axis (AX2), it is desirable for the 2nd and 3rd optical axis to be in a flat 
surface perpendicular to the 1st optical axis. With constituting such,-izing can be 
carried out [ thin shape ] to incident light shaft orientations. Moreover, the 1st 
optical axis (AX1) and 3rd optical axis (AX3) may be parallel, and the 1st and 3rd 
opticals axis and 2nd opticals axis may be perpendicular. In this case, breadth of 
a digital camera can be small made thin. 
[0021] 

Drawing 2 - drawing 5 are the lens block diagrams corresponding to the zoom 
lens system which constitutes the gestalt of the 1st - the 4th operation of the 
above-mentioned image pick-up lens equipment, respectively, and show lens 
arrangement in a wide angle edge (W) in the optical cross section. The arrow 
head mj Q= 1, 2, ...) in each lens block diagram shows typically migration of the 



j-th group (Grj) in zooming from a wide angle edge (W) to a tele edge (T) etc., 
respectively, and the arrow head mF shows the migration direction of the focal 
group in focusing to the contiguity from infinite distance. Moreover, among each 
lens block diagram, the field where ri (i= 1, 2 and 3, ...) was attached is counted 
from a body side, and is the i-th field, and the field where * mark was given to ri is 
the aspheric surface. Axial top-face spacing to which di (i= 1,2 and 3, ...) was 
given is variable spacing which counts from a body side and changes in zooming 
among the i-th axial top-face spacing. In addition, for convenience, an optical 
axis is not bent but, as for each lens block diagram of drawing 2 - drawing 5 , the 
lens is arranged on the straight line. Therefore, the configuration and the 
reflective mirror REF2 of a rectangular prism REF1 for bending are not illustrated. 
[0022] 

Each zoom lens system of each operation gestalt has the 2nd lens group which 
has negative power, (Gr2) and the 3rd lens group (Gr3) which has forward 
power, and the 4th lens group (Gr4) which has forward power sequentially from 
a body side. [ the 1st lens group (Gr1) which has forward power, ] At the time of 
the variable power from a wide angle edge [W] to a tele edge [T], the 2nd lens 
group (Gr2) moves so that it may always be located in an image surface side 



rather than the location in a wide angle edge [W] (BARIETA), and the 4th lens 
group moves so that the image point migration accompanying migration of the 
2nd lens group may be amended (compensator), and it has the composition of 
performing variable power, by changing spacing of each lens group. 
[0023] 

And the glass plane-parallel plate (LPF) equivalent to an optical low pass filter 
etc. is arranged at the image surface side as a zoom lens system used for the 
camera (for example, digital still camera) equipped with the solid state image 
sensor (for example, CCD). Also in the gestalt of which operation, the 1st lens 
group (Gr1) consists of lenses containing the rectangular prism (REF1) for 
bending at least one negative lens and an optical axis sequentially from a body 
side, and two positive lenses. Moreover, the cemented lens is used for the 2nd 
lens group (Gr2) and the 3rd lens group (Gr3). The lens configuration of the 
gestalt of each operation is explained below in more detail. In addition, the 
plane-parallel plate of drawing 2 - drawing 5 arranged most at the image surface 
side is cover glass of an image sensor (SR). 
[0024] 

« — gestalt ( drawing 2 , forward negative-positive-positive negative)» of the 



1st operation - the zoom lens systems of the gestalt of the 1st operation are 
forward and a negative one, and forward, forward, and negative 5 group zoom 
lens, and each lens group is constituted as follows sequentially from the body 
side, the 1st lens group (Gr1) comes out with the positive meniscus lens 
(abbreviation plano-convex lens) of a convex, and is constituted at the negative 
meniscus lens [ of concave ], rectangular-prism [ which is the 1st reflective 
member for bending 90 degrees of opticals axis ] REF1 (in drawing 2 , it displays 
with parallel plate), positive lens [ of both convexes ], and body side at the image 
surface side, the 2nd lens group (Gr2) comes out with the negative lens which 
has the double-sided aspheric surface, and the cemented lens which changes 
from the negative lens of both concaves, and the positive lens of both convexes 
to a body side, is constituted, and is arranged on the 2nd optical axis (AX2). the 
3rd lens group (Gr3) comes out with the cemented lens which extracts and 
changes from the negative meniscus lens of concave to a (SP), positive lens [ of 
both convexes ], positive lens [ of both convexes ], and body side, and is 
constituted. The reflective mirror REF2 (not shown) is arranged between the 
positive lens of both convexes, and a cemented lens (d16). the 4th lens group 
(Gr4) has the aspheric surface in a body side, appears in a body side with the 



negative meniscus lens of a convex, and the positive lens of both convexes, is 
constituted, and is arranged on the 3rd optical axis (AX3). The 5th lens group 
(Gr5) has the double-sided aspheric surface, and consists of negative meniscus 
lenses of concave at the body side. 
[0025] 

« - gestalt ( drawing 3 , forward negative-positive-positive forward)» of the 
2nd operation - the zoom lens systems of the gestalt of the 2nd operation are 
forward and a negative one, and forward, forward, and forward 5 group zoom 
lens, and each lens group is constituted as follows sequentially from the body 
side, the 1st lens group (Gr1) comes out with the positive meniscus lens of a 
convex, and is constituted at the negative meniscus lens [ of concave ], 
rectangular-prism [ which is the 1st reflective member for bending 90 degrees of 
opticals axis ] REF1 (in drawing 3 , it displays with parallel plate), positive lens 
[ of both convexes ], and body side at the image surface side, the 2nd lens group 
(Gr2) comes out with the cemented lens which consists of the negative lens 
which has the double-sided aspheric surface, the negative lens of both concaves, 
and the positive lens of both convexes, is constituted, and is arranged on the 
2nd optical axis (AX2). the 3rd lens group (Gr3) comes out with the cemented 



lens which extracts and changes from the negative meniscus lens of concave to 
a (SP), positive lens [ of both convexes ], positive lens [ of both convexes ], and 
body side, and is constituted. The reflective mirror REF2 (not shown) is arranged 
between the positive lens of both convexes, and a cemented lens (d16). the 4th 
lens group (Gr4) has the aspheric surface in a body side, comes out with the 
positive meniscus lens of a convex, is constituted at the negative meniscus lens 
[ of a convex ], and body side at the body side, and is arranged on the 3rd optical 
axis (AX3). The 5th lens group (Gr5) has the double-sided aspheric surface, and 
consists of positive meniscus lenses of concave at the body side. 
[0026] 

« - gestalt ( drawing 4 , forward negative-positive-positive)» of the 3rd 
operation - the zoom lens systems of the gestalt of the 3rd operation are 
forward and negative, forward, and forward 4 group zoom lens, and each lens 
group is constituted as follows sequentially from the body side, the 1st lens 
group (Gr1) comes out with the positive meniscus lens of a convex, and is 
constituted at the negative meniscus lens [ of concave ], rectangular-prism 
[ which is the 1st reflective member for bending 90 degrees of opticals axis ] 
REF1 (in drawing 4 , it displays with parallel plate), positive lens [ of both 



convexes ], and body side at the image surface side, the 2nd lens group (Gr2) 
comes out with the negative lens which has the double-sided aspheric surface, 
and the cemented lens which consists of the positive meniscus lens of a convex 
at a body side at a negative meniscus lens [ of concave ], and image surface 
side, is constituted, and is arranged on the 2nd optical axis (AX2). the 3rd lens 
group (Gr3) comes out with the forward meniscus lens (abbreviation 
plano-convex lens) which extracts and has a convex in a body side with (SP), 
and the cemented lens which changes from the negative lens of both concaves 
to a positive lens [ of both convexes ], and body side, and is constituted. The 
reflective mirror REF2 (not shown) is arranged between a positive lens and a 
cemented lens (d16). the 4th lens group (Gr4) has the aspheric surface in a body 
side, appears in a body side with the negative meniscus lens of a convex, and 
the positive lens of both convexes, is constituted, and is arranged on the 3rd 
optical axis (AX3). 
[0027] 

« - gestalt ( drawing 5 , forward negative-positive-positive forward)» of the 
4th operation - the zoom lens systems of the gestalt of the 4th operation are 
forward and a negative one, and forward, forward, and forward 5 group zoom 



lens, and each lens group is constituted as follows sequentially from the body 
side, the 1st lens group (Gr1) appears in an image surface side with the negative 
meniscus lens of concave, the rectangular prism REF1 (in drawing 5 , it displays 
with an parallel plate) which is the 1st reflective member for bending 90 degrees 
of opticals axis, the positive lens of both convexes, and the positive lens of both 
convexes, and is constituted, the 2nd lens group (Gr2) comes out with the 
cemented lens which consists of the negative lens which has the double-sided 
aspheric surface, the negative lens of both concaves, and the positive lens of 
both convexes, is constituted, and is arranged on the 2nd optical axis (AX2). the 
3rd lens group (Gr3) comes out with the cemented lens which extracts and 
consists of (SP), the positive lens of both convexes, the positive lens of both 
convexes, and the negative lens of both concaves, and is constituted. The 
reflective mirror REF2 (not shown) is arranged at the image side (d19) of a 
cemented lens, the 4th lens group (Gr4) has the aspheric surface in a body side, 
appears in a body side with the negative meniscus lens of a convex, and the 
positive lens of both convexes, is constituted, and is arranged on the 3rd optical 
axis (AX3). The 5th lens group (Gr5) has the double-sided aspheric surface, and 
consists of positive meniscus lenses of a convex at the body side. 



[0028] 

With the gestalt of the above 1st, the 2nd, and the 4th operation At the time of 
the variable power from a wide angle edge [W] to a tele edge [T], the location of 
the 1st lens group (Gr1), the 3rd lens group (Gr3), and the 5th lens group (Gr5) 
is immobilization. It moves in a 2nd optical-axis top so that the 2nd lens group 
(Gr2) may always be located in an image surface side rather than the location in 
a wide angle edge [W], and the 4th lens group (Gr4) makes a U-turn to an image 
surface side, after moving a 3rd optical-axis top to a body side. 
[0029] 

With the gestalt of implementation of the above 3rd, the location of the 1st lens 
group (Gr1) and the 3rd lens group (Gr3) is immobilization at the time of the 
variable power from a wide angle edge [W] to a tele edge [T]. It moves in a 2nd 
optical-axis top so that the 2nd lens group (Gr2) may always be located in an 
image surface side rather than the location in a wide angle edge [W], and the 4th 
lens group (Gr4) makes a U-turn to an image surface side, after moving a 3rd 
optical-axis top to a body side. 
[0030] 

Variable power is performed because the 2nd lens group (Gr2) moves in a 2nd 



optical-axis (AX2) top and the 4th lens group (Gr4) moves also in the gestalt of 
which operation like the above-mentioned explanation in a 3rd optical-axis (AX3) 
top. It is arranged on the optical axis with which each migration groups differ, 
and since each migration device can constitute independently, a simple and 
small camera cone configuration is attained. 
[0031] 

Moreover, the 1st lens group (Gr1) in which body light carries out incidence 
including the 1st reflective member is location immobilization, for the inner zoom 
method with which (Gr2) moves [ the 2nd lens group ] in a 2nd optical-axis top, 
and the 4th lens group (Gr4) moves in a 3rd optical-axis top, it does not have the 
elutriation of a lens in zooming and photography of it is possible in the flat 
camera always condition. 
[0032] 

As for a zoom lens system, it is desirable to fill the conditional expression shown 
below. Thereby, the zoom lens system of a high scale factor excellent in 
compactability is realizable. In addition, although it is possible to attain the 
operation effectiveness corresponding to it if each conditions of explaining below 
are fulfilled independently, respectively, it cannot be overemphasized that it is 



more more desirable from viewpoints, such as optical-character ability and a 

miniaturization, to fulfill two or more conditions. 

[0033] 

It is desirable to satisfy the following conditional expression (1). 

0.3<D2/fw<3(1) 

It corrects, 

D2: Distance of a diaphragm and the reflector of the 2nd reflective member, 
fw: The focal distance of the zoom lens system in a wide angle edge, 
It comes out. 

Conditional expression (1) is conditions which specify the distance of a 
diaphragm and the 2nd reflector. Since the distance of a diaphragm and the 2nd 
reflector will become large too much if the upper limit of conditional expression 
(1) is exceeded, a reflective member is not desirable in respect of becoming 
large and calling it a miniaturization. A clinch becomes difficult in order that the 
distance of a diaphragm and the 2nd reflector may approach too much, if less 
than the lower limit of conditional expression (1). 
[0034] 

Conditional expression (1) is . 



0.8 -<- D2/fw<2.5(1)' 

It comes out and a certain thing is more desirable. By conditional-expression (1) \ 
while being able to miniaturize the 2nd reflective member more, the interference 
conditions of a diaphragm and the 2nd reflector are eased, a more nearly free 
lens configuration is attained, and aberration amendment becomes easy. 
[0035] 

Moreover, it is desirable to satisfy the following conditional expression (2). 
2<|fa1 /fw|<8 (2) 
It corrects, 

fa1: It is the focal distance of the group by the side of a body from the 1st 
reflector, 

fw: The focal distance in a wide angle edge, 
It comes out. 

Conditional expression (2) is conditions which specify the focal distance of the 
group by the side of a body from the 1st reflector. Since the focal distance 
(absolute value) of the group by the side of a body will become small too much 
from the 1st reflector if less than the lower limit of conditional expression (2), 
distortion aberration, especially the negative distortion aberration by the side of a 



wide angle become remarkable, and it becomes difficult to secure good 
optical-character ability. Conversely, if the upper limit of conditional expression 
(2) is exceeded, the focal distance (absolute value) of the group by the side of a 
body will become large too much from the 1st reflector. Consequently, 
enlargement of the lens system of the 1st group and a reflective member is 
caused, and it is not desirable in respect of miniaturization. 
[0036] 

Conditional expression (2) is , 
4<|fa1/fw|<6.5 (2)' 

It comes out, and a certain thing is more desirable and becomes compatible 

[ better optical-character ability and miniaturization ] by doing so. 

[0037] 

Moreover, since it is desirable to perform focusing by the smallest possible 
group of lens weight, the small 4th lens group (Gr4) of the diameter of a lens with 
little lens number of sheets as a focal group is desirable. 
[0038] 

Moreover, like the gestalt of each operation, it is desirable to arrange the 
aspheric surface in the 2nd lens group (Gr2), and curvature-of-field aberration 



can be amended good by arranging the aspheric surface in the 2nd lens group 
(Gr2). Moreover, like the gestalt of each operation, it is desirable to arrange the 
aspheric surface in the 4th lens group (Gr4), and various aberration, such as 
curvature-of-field aberration and spherical aberration, can be amended good by 
arranging the aspheric surface in the 4th lens group (Gr4). Furthermore, it is 
desirable to arrange the aspheric surface in the 5th lens group (Gr5), and 
curvature-of-field aberration can be further amended good by arranging the 
aspheric surface in the 5th lens group (Gr5).. 
[0039] 

In addition, although each lens group which constitutes the gestalt of the 1st - 
the 4th operation consists of only refraction mold lenses (that is, lens of the type 
with which a deviation is performed by the interface of the media which have a 
different refractive index) which deflect an incident ray by refraction, it is not 
restricted to this. For example, each lens group may consist of a diffraction mold 
lens which deflects an incident ray by diffraction, a refraction / diffraction hybrid 
mold lens which deflects an incident ray in the combination of a diffraction 
operation and a refraction operation, a gradient index lens which deflects an 
incident ray according to the refractive-index distribution in a medium. 



[0040] 

Furthermore, although the gestalt of each operation showed the example of a 
configuration of the optical low pass filter of the plane-parallel-plate configuration 
arranged between the last side of a zoom lens system, and an image sensor, a 
birefringence mold low pass filter made from Xtal with which the predetermined 
crystal orientation was adjusted as this low pass filter, the phase mold low pass 
filter which attains the property of optical cut-off frequency needed according to 
the diffraction effect are applicable. 
[0041] 
[Example] 

Construction data etc. are mentioned and the configuration of the zoom lens 
system hereafter used for the image pick-up lens equipment which carried out 
this invention etc. is explained still more concretely. In addition, the next 
examples 1-4 are equivalent to the gestalt of the 1st - the 4th operation 
mentioned above, respectively, and the lens block diagram ( drawing 2 - drawing 
5 ) showing the gestalt of the 1st - the 4th operation shows the lens configuration 
of the corresponding examples 1-4, respectively. 
[0042] 



In the construction data of each example, ri (i= 1 , 2 and 3, ...) is counted from a 
body side. The radius of curvature of the i-th field, Count di (i= 1, 2 and 3, ...) 
from a body side, and the i-th axial top-face spacing is shown, nickel (i= 1, 2 and 
3, ...) and vi (i= 1, 2 and 3, ...) are counted from a body side, and show the 
refractive index (Nd) and the Abbe number (vd) to d line of the i-th optical 
element, respectively. Moreover, axial top-face spacing which changes in 
zooming is adjustable air spacing in a wide angle edge (short focus distance 
edge) [W] middle (middle focal distance condition) [M] - a tele edge (long focal 
distance edge) [T] among construction data. The focal distance (f) and the f 
number (FNO) of the whole system corresponding to each focal distance 
condition [W], [M], and [T] are shown collectively, and the value corresponding to 
conditional expression is shown in Table 1. Moreover, the movement magnitude 
(focal data) of the 4th lens group (Gr4) in focusing at the time of contiguity 
photography is shown in Table 2. In examples 1-3, it is D= 0.37m in photography 
distance (object point - image point) of a contiguity photography condition, and 
an example 4 is D= 0.67m in photography distance (object point - image point) of 
a contiguity photography condition. 
[0043] 



It shall be shown that the field where * mark was given to radius of curvature ri is 
a field which consisted of the aspheric surfaces, and it shall define as the 
formula (AS) of the following showing the field configuration of the aspheric 
surface. The aspheric surface data of each aspheric surface are combined with 
other data, and are shown. 

X(H) =(C-H2)/{1+root (1-epsilon-C 2, H2)} + (A4, H4+A6, H6+A8 and H8+A10, 
H10)(AS) 

However, inside of a formula (AS), 

X (H) : The amount of displacement of the direction of an optical axis in the 

location of height H (plane peak point criteria), 

H : it is the height of a perpendicular direction to an optical axis, 

C : paraxial curvature, 

epsilon : secondary curved-surface parameter, 
Ai : i-th aspheric surface multiplier, 
It comes out. 
[0044] 

Drawing 6 - drawing 13 are the aberration Figs, corresponding to an example 1 - 
an example 4, respectively, and the aberration Fig. in the infinite distance 



photography condition respectively corresponding to an example 1 - an example 
4 in drawing 6 - drawing 9 , drawing 10 - drawing 13 are the aberration Figs, in 
the contiguity photography condition corresponding to an example 1 - an 
example 4, respectively. In examples 1-3, it is D= 0.37m in photography distance 
(object point - image point) of a contiguity photography condition, and an 
example 4 is D= 0.67m in photography distance (object point - image point) of a 
contiguity photography condition. [W] is the inside of drawing 6 - drawing 13 , 
and many aberration [ in / a wide angle edge and [M], and / in [T] / a tele edge ] 
(sequentially from the left, they are astigmatism and distortion aberration, such 
as spherical aberration.). [ middle ] Y': The maximum image quantity is shown. In 
the spherical-aberration Fig., spherical aberration [ as opposed to d line in a 
continuous line (d) ], spherical aberration [ as opposed to g line in an alternate 
long and short dash line (g) ], spherical aberration [ as opposed to c line in a 
two-dot chain line (c) ], and a broken line (SC) express sine condition. In the 
astigmatism Fig., the astigmatism over d line in a meridional side is expressed, 
and, as for the broken line (DM), the continuous line (DS) expresses the 
astigmatism over d line in a sagittal side. Moreover, in the distortion aberration 
Fig., the continuous line expresses distortion % to d line. 



[0051] 

In addition, with the gestalt of the 1st - the 4th operation, although a rectangular 
prism is used for the 1st reflective member and the reflective mirror is used for 
the 2nd reflective member, a reflective member is not restricted to this. For 
example, a reflective mirror may be used for the 1st reflective member, prism 
may be used for the 2nd reflective member, and a front surface mirror or a 
rear-face mirror is sufficient as a reflective mirror. Moreover, a reflective member 



may have optical power in a reflector, and may be a reflective mold diffraction 

component. 

[0052] 

Moreover, the configuration of each digital camera 1 corresponding to the image 
pick-up lens equipment of the gestalt of the 1st - the 4th operation is the same as 
the configuration shown by drawing 1 , and it is same in addition to image 
pick-up lens equipment. 
[0053] 

[Effect of the Invention] 

The image pick-up lens equipment which attained the miniaturization of a zoom 
lens system and high variable power-ization is realizable, satisfying high 
definition according to this invention, as explained above. Since especially the 
image pick-up lens equipment of this invention bent the optical axis for the 
incident light shaft 90 degrees of abbreviation according to the 1st reflector and 
the optical axis is further bent according to the 2nd reflector, very compact image 
pick-up lens equipment is realizable. 
[0054] 

Moreover, in zooming, the 1st reflector, a diaphragm, and the 2nd reflector are 



location immobilization, since the image pick-up lens equipment of this invention 
moves the 1st migration lens group arranged between the 1st reflector and the 
2nd reflector, and the 2nd migration lens group arranged at the image side of the 
2nd reflector, it can simplify a camera cone configuration and miniaturization and 
low cost-ization of it are attained. Moreover, a lens does not jump out during 
photography for an inner zoom method. 
[0055] 

Furthermore, the above-mentioned image pick-up lens equipment can be 
applied to a digital camera, a video camera, and other electronic equipment (for 
example, a personal computer, a mobile computer, a cellular phone, an 
information personal digital assistant, etc.) at built-in or the camera by which 
external is carried out, and miniaturization (thin-shape-izing) of these devices, 
rate[ of high variable power ]-izing, and high definition-ization can be attained. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline of the internal configuration of a 
digital camera. 

[Drawing 2] It is the lens block diagram of the gestalt (example 1) of the 1st 
operation. 



[Drawing 3] It is the lens block diagram of the gestalt (example 2) of the 2nd 
operation. 

[Drawing 4] It is the lens block diagram of the gestalt (example 3) of the 3rd 
operation. 

[Drawing 5] It is the lens block diagram of the gestalt (example 4) of the 4th 
operation. 

[Drawing 6] It is an aberration Fig. in the infinite distance photography condition 
of an example 1. 

[Drawing 7] It is an aberration Fig. in the infinite distance photography condition 
of an example 2. 

[Drawing 8] It is an aberration Fig. in the infinite distance photography condition 
of an example 3. 

[Drawing 9] It is an aberration Fig. in the infinite distance photography condition 
of an example 4. 

[Drawing 10] It is an aberration Fig. in the contiguity photography condition (D= 
0.37m) of an example 1. 

[Drawing 11] It is an aberration Fig. in the contiguity photography condition (D= 
0.37m) of an example 2. 



[Drawing 12] It is an aberration Fig. in the contiguity photography condition (D= 
0.37m) of an example 3. 

[Drawing 13] It is an aberration Fig. in the contiguity photography condition (D= 
0.67m) of an example 4. 

[Drawing 14] It is the outline external view of the digital camera concerning this 
invention. 

[Description of Notations] 

TL Image pick-up lens system (zoom lens system) 
SR Image sensor 

LPF Low pass filter (plane-parallel plate) 
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AX2 The 2nd optical axis 
AX3 The 3rd optical axis 

REF1 1st reflective member (rectangular prism) 
REF2 2nd reflective member (reflective mirror) 
MVL1 The 1st moving lens 
MVL2 The 2nd moving lens 
CVR Case of a camera 



Gr1 The 1st lens group 
Gr2 The 2nd lens group 
SP Diaphragm 
Gr3 The 3rd lens group 
Gr4 The 4th lens group 
Gr5 The 5th lens group 

1 Digital Camera 

2 Case 

3 Release Carbon Button 

4 Liquid Crystal Display Monitor (LCD) 

5 Manual Operation Button 

6 Image Pick-up Lens Equipment 

7 Signal-Processing Section 

8 Memory 

9 Control Unit 

10 Controller 
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(54) IMAGING APPARATUS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a compact imaging apparatus having a high 
performance and high magnifying power zoom lens system. 

SOLUTION: The imaging apparatus is provided with a zoom lens system having a 
plurality of lens groups for continuously optically forming the optical image of an object 
so as to vary power by changing an interval between a plurality of the lens group and an 



imaging device for converting the optical image formed by the zoom lens system to 
electric signals. The zoom lens system is provided with a first lens group having 
negative power as a whole and having a reflection surface for bending a luminous flux 
for about 90° and a second lens group arranged with a changeable air interval from the 
first lens group and having positive power in the order from an object side. 
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CLAIMS 

[Claim(s)] 
[Claim 1] 

It is image pick-up equipment equipped with the image sensor which changes 
into an electrical signal the optical image which the zoom lens system which 
forms an objective optical image possible [ variable power ] optically 
continuously, and the zoom lens system formed by having two or more lens 
groups and changing spacing of this plurality lens between groups, 
Said zoom lens system is in the order from a body side, 

The 1st lens group including the reflector which has negative power as a whole 
and bends the flux of light 90 degrees of abbreviation, 

The 2nd lens group which separates air spacing which can change between said 
1st lens groups, is arranged, and has forward power, 



****** — the image pick-up equipment characterized by things. 
[Claim 2] 

Image pick-up equipment according to claim 1 characterized by the 1st lens 
group of said zoom lens system consisting of the 1st lens element which has 
negative power, and a reflector sequentially from a body side. 
[Claim 3] 

Image pick-up equipment according to claim 1 with which the 1st lens group of 
said zoom lens system is characterized by consisting of the 1st lens element 
which has negative power and a reflector, and a lens element of at least one 
sheet sequentially from a body side. 
[Claim 4] 

Image pick-up equipment according to claim 1 to 3 with which the 1st lens group 
of said zoom lens system is characterized by being fixed to the image surface on 
the occasion of variable power. 
[Claim 5] 

Claim 1 thru/or 4 image pick-up equipment with which said zoom lens system is 
characterized by satisfying the following conditions : 
2 < |f 1 / fw| < 4 



It corrects, 

f1 : The focal distance of the 1st lens group, 

fw: The focal distance in the wide angle edge of the whole system, 
It comes out. 
[Claim 6] 

Image pick-up equipment according to claim 1 to 5 most characterized by the 
field by the side of an image, and arranging [ of said zoom lens system ] the 
optical low pass filter between said image sensors. 
[Claim 7] 

The digital camera equipped with claim 1 thru/or one image pick-up equipment 
of 6. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] 

This invention The optical image formed on light-receiving sides, such as CCD 
(Charge Coupled Device charge-coupled device) and a CMOS sensor 
(Complementary Metal-oxide Semiconductor complementary metal oxide 
semiconductor sensor) It is related with image pick-up equipment equipped with 
the image sensor changed into an electrical signal. Especially, a digital camera; 
it is related with a personal computer, a mobile computer, a cellular phone, an 
information personal digital assistant (PDA:Personal Digital Assistance), etc. at 



the image pick-up equipment which is the main component of built-in or the 
camera by which external is carried out. It is related with small image pick-up 
equipment equipped with the zoom lens system especially in detail. 
[0002] 

[Description of the Prior Art] 

In recent years, image sensors, such as CCD and a CMOS sensor, are used 
instead of a silver halide film, an optical image is changed into an electrical 
signal, and the digital camera which digitizes, records or transmits the data is 
spreading quickly. In such a digital camera, in order to offer comparatively 
cheaply CCD which has high pixels, such as 2 million pixels and 3 million pixels, 
and a CMOS sensor recently, it is anxious for the compact image pick-up 
equipment with which the need over the highly efficient image pick-up equipment 
equipped with an image sensor is growing very much and which carried the 
zoom lens system in which variable power is possible, without getting down and 
degrading image quality especially. 
[0003] 

Furthermore, in recent years, by improvement in image-processing capacity, 
such as a semiconductor device, external is carried out and image pick-up 



equipment is accelerating the personal computer, the mobile computer, the 
cellular phone, the information personal digital assistant (PDA:Personal Digital 
Assistance), etc. at built-in or the need over highly efficient image pick-up 
equipment. 
[0004] 

Many zoom lens systems of the so-called negative lead in which the lens group 
arranged most at the body side has negative power as a zoom lens system used 
for such image pick-up equipment are proposed. Wide-angle-izing is easy for the 
zoom lens system of a negative lead, and it has the description of being easy to 
secure the lens back required for insertion of an optical low pass filter. 
[0005] 

As a zoom lens system of a negative lead, there is a zoom lens system 
proposed as a taking-lens system of the camera for silver halide films from the 
former. However, since the exit pupil location of the lens system in the shortest 
focal distance condition was comparatively located near the image surface, 
especially these zoom lens systems did not have consistency with the pupil of 
the micro lens prepared corresponding to each pixel of the image sensor which 
has especially a high pixel, but had the problem that the amount of ambient light 



could not fully secure. Moreover, since an exit pupil location was sharply 
changed at the time of variable power, the problem of being difficult also had a 
setup of the pupil of a micro lens. Moreover, primarily, with a silver halide film 
and an image sensor, since optical-character ability, such as spatial frequency 
characteristics called for, completely differed, sufficient optical-character ability 
required of an image sensor was not securable. For this reason, it will be 
necessary to develop the zoom lens system of the dedication optimized by 
image pick-up equipment equipped with the image sensor. 
[0006] 

On the other hand, since image pick-up equipment is miniaturized, the zoom 
lens system was bent in the middle of the optical path, and drawing or ****** has 
accomplished miniaturization, without changing the optical path length. For 
example, in the zoom lens system of a negative lead, after establishing a 
reflector on an optical path and bending 90 degrees of abbreviation, the image 
pick-up equipment which forms an optical image on an image sensor through a 
migration lens group is proposed by JP,1 1-196303A After the image pick-up 
equipment of this official report indication establishes a reflector in the image 
side of the fixed lens element of a negative meniscus configuration and bends 



an optical path 90 degrees of abbreviation in this reflector, it has the 
configuration which results in an image sensor through two movable positive 
lens groups and the positive lens group of immobilization. 
[0007] 

Moreover, as another example, after establishing a reflector in the fixed lens 
element [ of a negative meniscus configuration ], and image side of a movable 
positive lens group and bending an optical path 90 degrees of abbreviation in 
this reflector, the configuration which results in an image sensor through a 
positive lens group is indicated by JP,11-258678,A. 
[0008] 

[Problem(s) to be Solved by the Invention] 

However, in the two above-mentioned official reports, only the configuration of a 
camera cone was indicated but there was a problem that the configuration of a 
concrete zoom lens system was unknown. Unless the zoom lens system which 
occupies the biggest space in volume with image pick-up equipment equipped 
with the zoom lens system is optimized, it is difficult to attain the whole 
miniaturization. 
[0009] 



This invention aims at offering compact image pick-up equipment, it being highly 
efficient and having a high scale-factor zoom lens system in view of the above 
technical problem. 
[0010] 

[Means for Solving the Problem] 

In order to solve the above-mentioned technical problem, the image pick-up 
equipment concerning this invention The zoom lens system which forms an 
objective optical image possible [ variable power ] optically continuously by 
having two or more lens groups and changing spacing of this plurality lens 
between groups, It is image pick-up equipment equipped with the image sensor 
which changes into an electrical signal the optical image which the zoom lens 
system formed. Said zoom lens system In order, it has negative power as a 
whole from a body side, and air spacing which can change between the 1st lens 
group including the reflector which bends the flux of light 90 degrees of 
abbreviation, and said 1st lens group is separated, and it is arranged, and is 
characterized by including the 2nd lens group which has forward power. 
[0011] 

Moreover, another side face of this invention is characterized by being a digital 



camera containing the above-mentioned image pick-up equipment. In addition, 
conventionally, although the word of a digital camera had pointed out what 
records an optical still picture chiefly, the thing and the digital camcorder for 
home use which can treat an animation to coincidence are also proposed, and it 
is not distinguished especially now and is becoming. Therefore, the word of a 
digital camera shall contain hereafter all the cameras that use as a main 
component image pick-up equipment equipped with the image sensor which 
changes into an electrical signal the optical image formed on the light-receiving 
side of image sensors, such as a digital still camera and a digital movie. 
[0012] 

[Embodiment of the Invention] 

Hereafter, 1 operation gestalt of this invention is explained with reference to a 

drawing. 

[0013] 

as shown in drawing 9 , the image pick-up equipment which is 1 operation 
gestalt of this invention comes out sequentially from a body side (photographic 
subject side) with the image sensor SR which changes into an electric signal the 
optical image formed of the zoom lens system which forms an objective optical 



image possible [ variable power ], and TL, the optical low pass filter LPF and the 
zoom lens system TL, and is constituted. Moreover, the zoom lens system 
contains the 1st lens group Gr1 which has the prism PR which has a reflector 
inside, and the lens group which follows. Image pick-up equipment is the main 
component of built-in or the camera by which external is carried out at a digital 
camera; video camera; personal computer, a mobile computer, a cellular phone, 
an information personal digital assistant (PDA:Personal Digital Assistance), etc. 
[0014] 

The zoom lens system TL consists of two or more lens groups containing the 1st 
lens group Gr1, and it is possible by changing spacing between each lens group 
to change the magnitude of an optical image. The 1st lens group GM has 
negative power, and has the prism PR which bends the optical axis of body light 
90 degrees of abbreviation inside. 
[0015] 

The optical low pass filter LPF has the specific cut-off frequency for canceling 
the color moire which adjusts the spatial frequency characteristics of a 
taking-lens system, and is generated with an image sensor. The optical low pass 
filter of an operation gestalt is a birefringence mold low pass filter created by 



carrying out the laminating of the wavelength plate to which birefringence 
ingredients and plane of polarization, such as Xtal adjusted in the predetermined 
direction in the crystallographic axis, are changed. In addition, the phase mold 
low pass filter which attains the property of required optical cut-off frequency 
according to the diffraction effect as an optical low pass filter may be adopted. 
[0016] 

An image sensor SR consists of CCD which has two or more pixels, and 
changes into an electrical signal the optical image which the zoom lens system 
formed by CCD. Predetermined digital image processing, picture compression 
processing, etc. are performed to the signal generated with the image sensor SR 
if needed, it is recorded on memory (semiconductor memory, optical disk, etc.) 
as a digital video signal, a cable is minded depending on the case, or it is 
changed into an infrared signal, and is transmitted to other devices. In addition, a 
CMOS sensor (Complementary Metal-oxide Semiconductor) may be used 
instead of CCD. 
[0017] 

Drawing 1 thru/or drawing 4 are the block diagrams showing lens arrangement in 
the shortest focal distance condition of the zoom lens system contained in the 



image pick-up equipment of the 1st thru/or the 4th operation gestalt of this 
invention. In addition, in each drawing, the prism PR which has an internal 
reflection side is expressed with an parallel plate, and the optical path is 
expressed linearly. 
[0018] 

Monotonous PR by which the zoom lens system of the 1st operation gestalt is 
equivalent to the 1st lens element L1 which is from the negative meniscus lens 
to which the convex was turned on a body side, and prism in order from a body 
side to an image side, the 2nd lens element L2 of a negative meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a forward meniscus configuration which turned the convex to the body side 
- since - with the 1st lens group Gr1 constituted The 2nd lens group Gr2 which 
consists of 1st cemented lens components DL 1 which come to join drawing ST, 
and the 4th lens element L4 of both the convex configuration and the 5th lens 
element L5 of both the concave configuration, the 4th lens group Gr4 which 
consists of 6th lens element L6 of a negative meniscus configuration which 
turned the concave surface to the body side, and the 7th lens group Gr5 which 
consists of the 7th lens element L7 of a negative meniscus configuration which 



turned the concave surface to the body side ~ since - it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 4th lens group Gr4 of this zoom lens system. 
[0019] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gr1 moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 
convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost in monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 
[0020] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 2nd lens element L2, the image side face of 
the 5th lens L5, and the body side face of 6th lens element L6. 
[0021] 

The 1st lens group Gr1 by which the zoom lens system of the 2nd operation 



gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens element L2 of a forward meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since — it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 - with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 
convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the convex to the body side, and the 4th lens group 
Gr4 which consists of 6th lens element L6 of both the convex configuration - 
since - it is constituted. Furthermore, parallel monotonous LPF equivalent to an 
optical low pass filter is arranged at the image side of the 4th lens group Gr4 of 
this zoom lens system. 
[0022] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed to the image 
surface, this zoom lens system is moved to a body side almost in monotone [ the 



2nd lens group Gr2 ], the 3rd lens group Gr3 moves to a body side almost in 
monotone united with Diaphragm ST, and the 4th lens group Gr4 is being fixed 
to the image surface with parallel monotonous LPF. 
[0023] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1 , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0024] 

The 1st lens group Gr1 by which the zoom lens system of the 3rd operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens element L2 of a forward meniscus 
configuration which turned the convex to the body side, and the 3rd lens element 
L3 of a negative meniscus configuration which turned the convex to the body 
side, It extracts, since - it has been arranged between the 2nd lens group Gr2 
constituted, and this 2nd lens element L2 and the 3rd lens element L3 - with ST 
the 3rd lens group Gr3 which consists of the 4th lens element L4 of both the 



convex configuration, the 5th lens element L5 of a negative meniscus 
configuration which turned the concave surface to the body side, and the 4th 
lens group Gr4 which consists of 6th lens element L6 of both the convex 
configuration ~ since - it is constituted. Furthermore, parallel monotonous LPF 
equivalent to an optical low pass filter is arranged at the image side of the 4th 
lens group Gr4 of this zoom lens system. 
[0025] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 
the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 
group Gr4 moves to an image side almost in monotone, and parallel 
monotonous LPF is being fixed to the image surface. 
[0026] 

Zooming from the shortest focal distance condition to the longest focal distance 
condition is faced this zoom lens system. As the 1st lens group Gr1 moves to a 
body side once moving to an image side, the locus of the letter of U-turn of a 



convex is drawn, and it moves to an image side. The 2nd lens group Gr2 United 
with the diaphragm ST arranged at the body side of the 2nd lens group Gr2, it 
moves to a body side almost in monotone, and the 3rd lens group Gr3 moves to 
an image side almost in monotone, and the 4th lens group Gr4 is being fixed to 
the image surface with parallel monotonous LPF. 
[0027] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1 , the body side face of the 
2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 
of 6th lens element L6. 
[0028] 

The 1st lens group Gr1 by which the zoom lens system of the 4th operation 
gestalt is constituted from monotonous PR by which it is equivalent to the 1st 
lens element L1 of both the concave configuration, and prism in order from a 
body side to an image side, The 2nd lens group Gr2 which consists of the 2nd 
lens element L2 of a forward meniscus configuration which turned the convex to 
the body side, Drawing ST and the 3rd lens group Gr3 which consists of the 3rd 
lens element L3 of a negative meniscus configuration which turned the convex to 



the body side, the 5th lens group Gr5 which consists of a 4th lens group Gr4 
which consists of the 4th lens element L4 of both the convex configuration, the 
5th lens element L5 of a negative meniscus configuration which turned the 
convex to the body side, and 6th lens element L6 of a forward meniscus 
configuration which turned the convex to the body side — since — it is constituted. 
Furthermore, parallel monotonous LPF equivalent to an optical low pass filter is 
arranged at the image side of the 5th lens group Gr5 of this zoom lens system. 
[0029] 

On the occasion of zooming from the shortest focal distance condition to the 
longest focal distance condition, the 1st lens group Gr1 is fixed for this zoom 
lens system to the image surface. The 2nd lens group Gr2 It extracts drawing the 
locus of a convex on a body side, and moves to a body side united with ST, and 
the 3rd lens group Gr3 moves to a body side almost in monotone, the 4th lens 
group Gr4 moves to a body side almost in monotone, and the 5th lens group Gr5 
is being fixed to the image surface with parallel monotonous LPF. 
[0030] 

It has the aspheric surface configuration among the fields of a lens element, 
respectively with both sides of the 1st lens element L1 , the body side face of the 



2nd lens element L2 and both sides of the 3rd lens L3, and the image side face 

of 6th lens element L6. 

[0031] 

The zoom lens system of each operation gestalt is equipped with Rhythm PR so 
that it may have the reflector which bends the optical axis of body light 90 
degrees of abbreviation in the interior of the 1st group. Thus, it becomes 
possible by bending the optical axis of body light 90 degrees of abbreviation to 
attain thin shape-ization on the appearance of image pick-up equipment. 
[0032] 

When a digital camera is considered for an example, image pick-up equipment 
including a zoom lens system occupies the biggest volume in equipment, the 
zoom lens system by which the magnitude of the thickness direction of a camera 
is especially contained in image pick-up equipment like a film camera 
conventional with a digital camera lens shutter type when optical elements 
contained in a zoom lens system, such as a lens and a diaphragm, are arranged 
linearly, without changing the direction of an optical axis - it is most determined 
as a matter of fact in the magnitude from the configuration by the side of a body 
to an image sensor. However, the aberration amendment level of image pick-up 



equipment is also improving by leaps and bounds with a raise in a pixel to an 
image sensor in recent years. For this reason, the thing to which the number of 
sheets of the lens element of the zoom lens system contained in image pick-up 
equipment is also increasing steadily and for which a thin shape is attained also 
in the time (the so-called collapsed state) of un-using it for the thickness of a lens 
element is difficult. 
[0033] 

On the other hand, since it becomes possible to make [ by adopting the 
configuration which bends the optical axis of body light 90 degrees of 
abbreviation according to a reflector like the zoom lens system of each operation 
gestalt ] small most magnitude of the thickness direction of image pick-up 
equipment to the magnitude from the lens by the side of a body to a reflector at 
the time of un-using it, it becomes possible to attain thin shape-ization on the 
appearance of image pick-up equipment. Moreover, since the optical path of 
body light can be piled up near the reflector by adopting the configuration which 
bends the optical axis of body light 90 degrees of abbreviation according to a 
reflector, space can be used effectively and the further miniaturization of image 
pick-up equipment can be attained. 



[0034] 

As for the location of a reflector, it is desirable that it is the 1st lens group Gr1 
interior. By arranging to the 1st lens group Gr1 interior arranged most at the 
body side, it becomes possible to make magnitude of the thickness direction of 
image pick-up equipment into min. 
[0035] 

As for the 1st lens group Gr1 in which a reflector is included, it is desirable to 
have negative power. When the 1st lens group Gr1 has negative power, it 
becomes possible to make magnitude of the reflector in a reflector location small. 
Moreover, a zoom lens system becomes the so-called negative lead type by 
adopting the configuration whose 1st lens group Gr1 has negative power. As for 
a negative lead type zoom lens system, in a large focal distance field, it becomes 
easy and is desirable to attain image side tele cent rucksack nature required for 
the optical system for being easy to take a retro focus type configuration, and 
forming an optical image in an image sensor. 
[0036] 

Although (a) internal reflection prism (operation gestalt), (b) surface reflecting 
prism, (C) internal reflection monotonous mirror, a (d) surface reflective mirror, 



and ******** may be used for a reflector, its (a) internal reflection prism is the 
optimal. In order that body light may pass through the inside of the medium of 
prism by adopting internal reflection prism, the spacing at the time of penetrating 
prism turns into a short conversion spacing from spacing more nearly physical 
than the usual air spacing according to the refractive index of a medium. For this 
reason, when internal reflection prism is adopted as a configuration of a reflector, 
an equivalent configuration can be attained in a compacter tooth space, and it is 
optically desirable. 
[0037] 

When it constitutes a reflector from internal reflection prism, as for the quality of 

the material of prism, it is desirable to satisfy the following conditions. 

[0038] 

Np>=1.55 .... (1) 
It corrects, 

Np is the refractive index of the quality of the material of prism, 

It comes out. 

[0039] 

If the refractive index of prism turns around the above-mentioned range the 



bottom, the contribution to miniaturization becomes small and is not desirable. 
[0040] 

Furthermore, it is desirable that it is in the following range in addition to the 

above-mentioned range. 

[0041] 

Np>=1.7 .... (1)' 

Moreover, a reflector may not be a perfect total reflection side. Some reflection 
factors are suitably adjusted among reflectors, it is made to branch and 
incidence of a part of body light may be carried out to the sensor for a 
photometry or ranging. Furthermore, the reflection factor of the whole reflector 
surface may be adjusted suitably, and finder light may be branched. 
Furthermore, with each operation gestalt, although each of plane of incidence of 
prism and outgoing radiation sides is flat surfaces, you may be a field with power. 
[0042] 

As for a body side, it is more desirable than a reflector to consist of lens 
elements of two or less sheets. Since the substantial thickness of optical system 
will be determined by the structure of having Rhythm PR, at spacing from the 
body side face of the lens arranged most at the body side to a reflector so that it 



may have the reflector which bends the optical axis of body light 90 degrees of 
abbreviation in the interior of the 1st group, it becomes possible from a reflector 
to acquire thin optical system by constituting the configuration by the side of a 
body from a lens element of two or less sheets. When the 1st lens group Gr1 is 
especially constituted only from a lens element of one sheet, and a reflector, the 
degree of freedom of a camera cone configuration can be made to increase, and 
low cost-ization of image pick-up equipment can be attained. Moreover, when 
the 1st lens group Gr1 is constituted only from a lens element of two sheets, and 
a reflector, amendment of relative eccentric aberration is attained and it is 
advantageous on optical-character ability. 
[0043] 

Furthermore, as for the 1st lens group Gr1, it is desirable at the time of variable 
power that it is immobilization to the image surface. While needing a big tooth 
space when it is made to move since the reflector is included in the 1st lens 
group Gr1, when the reflector is especially constituted from prism, prism with big 
weight must be moved, a drive will be forced a big burden, and it is not desirable. 
Moreover, by making the 1st lens group Gr1 immobilization to the image surface 
at the time of variable power, the optical system which does not carry out 



overall-length change can be acquired, and it is desirable. Moreover, a camera 
cone configuration can also be simplified and it becomes possible to attain low 
cost-ization of the whole image pick-up equipment. Furthermore, since 
initialization of the control system for control of a migration group becomes easy 
especially in a digital camera at the time of a zoom by adopting the configuration 
which fixes the 1st lens group Gr1 at the time of zooming, it becomes [ to shorten 
time amount required by the condition which can be photoed ] possible from the 
time of a main power supply ON and is desirable. 
[0044] 

The configuration which also makes negative power the 2nd lens group Gr2 
following the 1st lens group Gr1 which has negative power is used for the zoom 
lens system of each operation gestalt. It is easy to adopt the configuration which 
makes the above-mentioned 1st lens group immobilization by this configuration 
and is desirable. 
[0045] 

As for the zoom lens system of each operation gestalt, it is desirable to satisfy 

the following conditions. 

[0046] 



2 < |f 1 / fw| < 4 (2) 
It corrects, 

f1: The focal distance of the 1st lens group, 

fw: The focal distance in the wide angle edge of the whole system, 

It comes out. 

[0047] 

Conditional expression (2) has specified the desirable focal distance of the 1st 
lens group Gr1 . If the upper limit of conditional expression (2) is exceeded, since 
the focal distance of the 1st lens group Gr1 will become large too much, an 
overall length or distance from a reflector to an image sensor cannot be made 
small as a result, and it is not desirable. Since the negative power of the 1st lens 
group Gr1 becomes weak too much, the lens outer diameter which constitutes 
the 1st lens group Gr1 becomes large, and it becomes impossible moreover, to 
attain a compact zoom lens system. Conversely, if the minimum of conditional 
expression (2) is exceeded, since the focal distance of the 1st lens group Gr1 
will become short too much, the negative distortion generated by the 1st lens 
group Gr1 in a wide angle edge becomes large too much, and it becomes 
difficult to perform the amendment. 



[0048] 

Although each lens group which constitutes each operation gestalt consists of 
only refraction mold lenses (that is, lens of the type with which a deviation is 
performed by the interface of the media which have a different refractive index) 
which deflect an incident ray by refraction, it is not restricted to this. For example, 
each lens group may consist of a diffraction mold lens which deflects an incident 
ray by diffraction, a refraction / diffraction hybrid mold lens which deflects an 
incident ray with the combination of a diffraction operation and a refraction 
operation, a refractive-index distribution lens which deflects an incident ray 
according to the refractive-index distribution in a medium. 
[0049] 
[Example] 

Construction data, an aberration Fig., etc. are mentioned and the configuration 
of the zoom lens system hereafter contained in the image pick-up equipment 
which carried out this invention etc. is explained still more concretely. The lens 
block diagram ( drawing 1 thru/or 4) which the example 1 explained as an 
example here thru/or 4 support the 1st thru/or 4th operation gestalt mentioned 
above, respectively, and expresses the 1st thru/or 4th operation gestalt shows a 



corresponding example 1 thru/or the corresponding lens configuration of 4, 

respectively. 

[0050] 

In the construction data of each example, ri (i = 1, 2, 3 ....) is counted from a 
body side. The radius of curvature of the i-th field (mm), Count di (i = 1 , 2, 3 ....) 
from a body side, and the i-th axial top-face spacing (mm) is shown, nickel (i = 1 , 
2, 3 ....) and nui (i = 1, 2, 3 ....) are counted from a body side, and show the 
refractive index (Nd) and the Abbe number (nud) to d line of the i-th optical 
element. Moreover, axial top-face spacing which changes in zooming shows the 
value of the variable spacing in the shortest focal distance condition (wide angle 
edge, W) - middle focal distance condition (middle, M) - longest focal distance 
condition (a tele edge, T) among construction data. The focal distance (f, mm) 
and the f number (FNO) of the whole system corresponding to each focal 
distance condition (W), (M), and (T) are combined with other data, and are 
shown. 
[0051] 

It shall be shown that the field where * was given to radius of curvature ri is a 
field which consisted of the aspheric surfaces, and it shall define as the formula 



(AS) of the following showing the field configuration of the aspheric surface. The 
aspheric surface data of each example are combined with other data, and are 
shown. 
[0052] 



rl3 = 8.858 

dl3 = 0.100 

rl4 = 6.329 

dl4 = 2.301 N7 = 1.48749 v7 = 70.44 

rl5* = 16.784 

dl5 = 0.996 

rl6 = oo 

dl6 = 2.000 N8= 1.51680 v2 = 64.20 

rl7 = oo 
rl* 

e = 0.10000E+01 
A4 = 0.31440E-03 
A6 = 0.40741E-05 
A8 = -0. 13254E-06 
A10= 0.88372E-09 

T2* 

e = 0.10000E+01 
A4 = -0. 14549E-03 
A6 = 0.90366E-05 
A8 = 0.23593E-06 
A10= -0.68590E-08 

r8* 

e = 0.10000E+01 

A4 = 0.60518E-03 

A6 = 0.22274E-04 



Drawing 5 thru/or drawing 8 are the aberration Figs, of an example 1 - an 
example 4, and expresses the aberration in the infinite distance focus condition 
of the zoom lens system of each example, among drawing 5 thru/or drawing 8 , 
the shortest focal distance condition and (M) can be set in the middle focal 



distance condition, and (W) can set (T) in the longest focal distance condition 
many - astigmatism and distortion aberration, such as spherical aberration, and 
Y' (mm) show maximum image quantity (considerable from optical axis to 
distance)} on an image sensor sequentially from the aberration {left. In the 
spherical-aberration Fig., spherical aberration [ as opposed to d line in a 
continuous line (d) ], spherical aberration [ as opposed to g line in an alternate 
long and short dash line (g) ], spherical aberration [ as opposed to c line in a 
two-dot chain line (c) ], and a broken line (SC) express sine condition. In the 
astigmatism Fig., a broken line (DM) expresses the astigmatism in a meridional 
side, and the continuous line (DS) expresses the astigmatism in a sagittal side. 
Moreover, in the distortion aberration Fig., the continuous line expresses 
distortion % to d line. 
[0053] 

[Effect of the Invention] 

Compact image pick-up equipment can be offered it being highly efficient and 
having a high scale-factor zoom lens system according to the zoom lens system 
of each operation gestalt, as explained above. 
[Brief Description of the Drawings] 



[Drawing 1] The lens block diagram of the 1st operation gestalt (example 1). 
[Drawing 2] The lens block diagram of the 2nd operation gestalt (example 2). 
[Drawing 3] The lens block diagram of the 3rd operation gestalt (example 3). 
[Drawing 4] The lens block diagram of the 4th operation gestalt (example 4). 
[Drawing 5] The aberration Fig. in the infinite distance focus condition of an 
example 1 . 

[Drawing 6] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 7] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 8] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 9] The block diagram showing the outline of this invention. 
[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 
SR: Image sensor 
TL: Zoom lens system 
Gr1: The 1st lens group Gr1 



Gr2: The 2nd lens group Gr2 
PR: Internal reflection prism 
ST: Diaphragm 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens block diagram of the 1st operation gestalt (example 1). 
[Drawing 2] The lens block diagram of the 2nd operation gestalt (example 2). 
[Drawing 3] The lens block diagram of the 3rd operation gestalt (example 3). 
[Drawing 4] The lens block diagram of the 4th operation gestalt (example 4). 
[Drawing 5] The aberration Fig. in the infinite distance focus condition of an 
example 1. 

[Drawing 6] The aberration Fig. in the infinite distance focus condition of an 
example 2. 

[Drawing 7] The aberration Fig. in the infinite distance focus condition of an 
example 3. 

[Drawing 8] The aberration Fig. in the infinite distance focus condition of an 
example 4. 

[Drawing 9] The block diagram showing the outline of this invention. 
[Description of Notations] 

LPF: The plane-parallel plate equivalent to an optical low pass filter 
SR: Image sensor 
TL: Zoom lens system 



Gr1: The 1st lens group Gr1 
Gr2: The 2nd lens group Gr2 
PR: Internal reflection prism 
ST: Diaphragm 
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